A combination of fuzzy logic and graph theoretic approach has been used to find the service quality of distributor in a manufacturing supply chain management. This combination is termed as the fuzzy graph theoretic (FGT) approach. Initially the identified factors were grouped by SPSS (statistical package for social science) software and then the digraph approach was applied. The interaction and inheritance values were calculated by fuzzy graph theory approach in terms of permanent function. Then a single numerical index was calculated by using permanent function which indicates the distributor service quality. This method can be used to compare the service quality of different distributors.
Introduction
Supply chain management (SCM) has gained much more attention for both academicians and practitioners for the past three decades. It is a big umbrella under which suppliers of supplier to end users are there. The main elements of SCM consist of a chain starting from the supplier to organization, distributor, retailer, and end user, that is, customer. As time to time checks and measures are necessary to maintain the efficiency and to increase motivation of every person or organization, the focus of recent study is to calculate the service quality of the distributor of a leading two wheeler manufacturing industry of North India, one of the most important element of SCM, who actually receives the product directly from the organization and supplies the same product to the retailers in small quantity as and when required. The distributor may be called an authorized stockiest who stores finish goods inventory because of trust, commitment, and market reputation of the parent organization and supplies the material to retailer according to demand [1] . In the current competitive world's business model, distributor is a key aspect and it is very important to choose the correct distributor for the business. Therefore a large number of studies have been conducted for the evaluation of distributors.
Initially, Shipley [2] evaluated the independent distributors based on the factors necessitating the application of effective selection and motivation criteria. Cavusgil et al. [3] developed a computer aided decision support tool for evaluating the foreign distributors. This tool provided the use of an interactive algorithm for arriving at reasonable conclusions. Sharma et al. [4] discussed a composite distributor performance index (DPI) to compare distributor's performance using a system dynamics approach. Lin and Chen [5] developed a research frame work to check the influence of various factors on distributor selection and evaluation. Chen and Wu [6] evaluated the relations of manufacturer and distributor by using ISM (Interpretive Structural Modeling), AHP (Analytical Hierarchy Process), and ANP (Analytic Network Process). ISM was used to sort system variables into groups of various characteristics and AHP and ANP to know the relative weightage of the variables. Ghorbani et al. [7] used Fuzzy ART (Adaptive Resonance Theory) for evaluating and ranking the 40 distributors.
Jonsson and Zineldin [8] indicated the necessity to build stable and long term working relationships between supplier and dealers and proposed a conceptual model including behavioral dimensions and found that good reputation and close and positive relationship are the main variables for 2 Journal of Industrial Engineering high satisfaction. J. X. Chen and J. Y. Chen [9] advocated the importance of buy back contract for distributor. Li et al. [10] studied 196 organizations and used structural equation modeling for processing the data and found that competitive advantage has a direct, positive impact on organizational performance. An organization offering high quality services can charge premium prices and thus increase its profit margin on sales and return on investment but this is possible due to quality data and reporting. An organization having a short time to market and rapid innovation can be the first in the market, thus enjoying a higher market share and sales volume. They also indicate that financial performances have close relationship with market performances. Elahi et al. [11] discussed the need of good strategy and buy back contract to increase the confidence among the customers, while many industry experts are in favour of profit sharing among the entire supply chain elements. Also industry experts believe that attitude and welfare activities are the keys to judge the service quality of any organization. De Treville et al. [12] studied three different types of organizations and found that short lead time increases the market share through sales growth. Albernaz et al. [13] studied the oil company supply chain and identified the overall benefits of effective logistics to distributor as reduction in lead time, cost reduction, and obtaining production space in the production plant. Chang et al. [14] examined the industries of semiconductors, computer and peripheral equipment, optoelectronic products, communications and internet, electronic parts and components, electronic products distribution, and other electronic goods and concluded that the competitive advantages have direct relationship with financial performances.
Many researchers [15] [16] [17] have calculated the service quality for various organizations but authors have not come across any research work related to service quality in which the value of service quality was calculated by fuzzy graph theoretic approach. Fuzzy logic is used for incomplete, vague, or uncertain data whereas graph theoretic approach is used to convert intangible item into tangible. This technique was used by Goyal and Grover [18] for evaluation of advanced manufacturing technologies and Gupta and Singh [19] to compare the importance of various factors affecting the service quality of distributor. With the use of this technique, the intangible attributes convert into crisp score which further convert into single numerical index with the use of graph theoretic approach. The purpose of this study is to keep an eye on distributor by calculating the service quality provided and also to generate an alternate method for that. This can be done not just by identifying the factors, but by grouping the factors and developing a model using inheritance and interactions among factors identified to calculate the distributor service quality (DSQ) in quantitative term.
Techniques Used
To achieve the objective of this paper a questionnaire based survey, exploratory factor analysis (EFA), fuzzy logic (FL), and graph theoretic approach (GTA) have been used. The following sections discuss these methods.
Questionnaire Based Survey.
A questionnaire based on identified factors was designed which comprised questions related to expectations/desire from distributor X and what the organization and retailers actually received from the same distributor. The data collection approach (by survey) was used as it has been used earlier by many researchers [15, 20, 21] in context of SCM. Snowball sampling was used to collect the data as the authors knew only a few persons in the entire supply chain. The responses were obtained on a five-point Likert scale. In the Likert five-point scale, 1 represents lowest or strongly disagree while 5 represents highest or strongly agree. Earlier different service quality studies [15, 22] motivate the authors to choose the five-point Likert scale. The designed questionnaire was filled by the person of the organization and retailers which came in contact with the distributor directly or indirectly on daily basis. All the persons involved in the survey held ample experience. The persons whose experience was less than one year were not involved in the survey.
The questionnaire consisted of two parts: the first part concentrated on the demographic information and the second on the items related to service quality of distributor. Demographic information included the respondent's age, sex, qualification, and experience, details of which are given in Table 1 . Out of total 350 responses from managers of different departments and designations, 118 responses were completely filled. So, approximately 33.71% responses were completely filled.
Exploratory Factor Analysis.
EFA is a multivariate statistical technique widely used in social and behavioral science and commonly used to explore the dimensionality of a measurement. The SPSS version 20 was used for this purpose. The main objective of using EFA in this paper is to group the factors into various subgroups to make calculations simpler.
The following steps were used during performing the EFA:
(1) Identify the variable from the available literature and from the discussion with industry experts.
(2) Reliability test is to be performed to check the internal consistency. For this Cronbach's alpha should be greater than 0.7.
(3) To check whether the sample size is adequate or not, KMO (Kaiser-Meyer-Olkin) sample of adequacy and significant value test were performed. If the value of KMO is greater than 0.6 and the value for significant value test is less than 0.005, this indicates that data size is sufficient for grouping the various relevant factors; otherwise sample size is not adequate. After this fuzzy logic was used in neural network, control system, modeling and analysis, decision making, scheduling problems to minimize lateness, traffic management, railway applications, and so forth [23] . Sometime it is not possible to get accurate data from respondents due to certain limitations. Also sometimes the detail is in linguistic form instead of numeral. Under these conditions FL can be used. FL is a problem solving methodology that provides a simple way to arrive at a definite conclusion based upon vague, ambiguous, imprecise, noisy, or missing input information. The utility of fuzzy logic lies in its ability to provide decision for uncertain data. In FL all the values are 0.0 to 1.0 where 0.0 means absolute false or wrong and 1.0 means absolute truth or right.
The following steps were used during performing FL.
(a) Convert all the fuzzy data, which is in linguistic or vague or noisy form, into fuzzy number and then these fuzzy numbers convert into crisp score. Tzeng and Huang [24] computed the crisp score based on the following equations:
otherwise.
(1)
The maximum and minimum fuzzy numbers must be selected in such a manner that they can automatically fit into comparison scale. The left and right scores of the fuzzy number are calculated as follows:
The total score of (2) is given as follows:
By using (1)-(3), Tzeng and Huang [24] computed the crisp score shown in Table 2 .
(b) Calculate the normalized score of the factors. To calculate the normalized score first of all find the mean value of response for all the factors individually and then use the following formula:
where is the mean value of responses for an individual factor and max is the maximum mean value of any factor in the same group. This normalized value can be used as inheritance value for calculating the permanent function in graph theory.
(c) Convert all the factors into crisp score of fuzzy logic by using Table 2 . For getting fuzzy score, find the pairwise difference of mean of two factors for all the groups.
(d) Compute the mean range on 5-point scale modification for pairwise difference. The reason for computing the mean range on 5-point scale is getting the responses of questionnaire on 5-point scale.
(e) Convert this pairwise difference into crisp score. 1736 when he solved the famous Konigsberg bridge problem. After that, this technique was used by many researchers and practitioners in various fields [25] . This technique consists of the following components:
Graph Theoretic
(1) Digraph representation.
(2) Matrix representation.
(3) Permanent function representation.
Digraph Representation.
A digraph is a direction assigned graph used to represent the factors and their interdependencies in terms of nodes and edges. The SCM digraph represents the SCM factors ( 's) through its nodes and edges and their dependencies ( 's). indicates the degree of dependence of the th factor on th factor. The four broad factors identified in Step 7 of Section 3 form the SCM digraph. All these four factors are schematically represented in Figure 1. 
Matrix
The permanent function (see (5)) is a mathematical expression in symbolic form. Equation (5) contains terms arranged in + 1 group, where is the number of elements, which is 4 in this case. The total number of terms are !, that is, 4! or 24 in this case. The physical significance of various groups is explained below:
(1) The first grouping indicates a set of unconnected SCM elements, that is, 1 , 2 , . . . , .
(2) The second grouping indicates the self-loops which is absent in this case.
(3) The third grouping indicates a set of two-element SCM loops (i.e., ).
(4) The fourth grouping indicates a set of three-element SCM loops (i.e., or its pair ).
(5) The fifth grouping consists of two subgroups. The first subgrouping indicates a set of two-element SCM loops (i.e., and ). The second subgrouping indicates a set of four-element SCM loops (i.e., or its pair ).
Algorithm to Find DSQ by Fuzzy Graph Theoretic Approach (FGTA)
The FGTA evaluates the supply chain performance in terms of a single numerical index for vague, ambiguous, imprecise, noisy, or missing input information. This considers the inheritance effect of factors and their interdependencies. The various steps in the proposed approach are shown in Figure 2 and discussed here, which will help in the evaluation process of the supply chain performance.
Step 1 (identify the various factors). The total 19 factors were identified with the literature and industry experts. All of the 19 factors and their sources are presented in Table 3 . Step 2 (develop the questionnaire). A questionnaire was developed and survey conducted to get the data. Out of total 350 responses from managers of different departments and designations, 118 responses were completely filled. So, approximately 33.71% responses were completely filled.
Step 3 (test the sample size). (a) The value of Cronbach's alpha is 0.817. So data is reliable.
(b) The KMO value is 0.688 and the value of significant value test is 0.000 which indicate that data size is sufficient for grouping the various relevant factors. Table 4 shows the results of KMO test and significant value test.
Step 4 (use the exploratory factor analysis). EFA by SPSS version 20 was used to group the related factors. The score of EFA is shown in Table 5 (a) and based on this score all the factors of Table 1 grouped into four major subgroups shown in Table 5 (b).
Step 5 (convert fuzzy data into crisp score). (a) Convert all the fuzzy data into fuzzy number which is in linguistic or vague or noisy form and then into crisp score.
(b) The maximum and minimum fuzzy numbers must be selected in such a manner that they can automatically fit into comparison scale.
(c) Find the mean value of response for all the factors individually (Table 6 ) and then calculate the normalized score of the factors (Table 7) . This normalized value can be used as inheritance value for calculating the permanent function in graph theory. Delivery includes delivery speed, production lead time, and delivery reliability [1] Strategy (ST)
This includes business models, strategic alliances, and partnership formation with the objective of developing a sustainable supply chain that is flexible and responsive to changing market requirements but at the same time meets the environmental regulations [11, 52] Logistics (LO) Logistics can be defined as the administration area responsible for managing the transport and storage of raw materials and goods [13] G2 Price (PR) How much an organization is capable of competing against major competitors based on low prices [38] Profit sharing (PS) The distributor offers a relatively low wholesale price but asks the retailer to share part of the revenue of every item sold [1] Financial performances (FP) It is the return on investment, sales growth, profit growth, market share, and market share growth [1] Inventory level (IL) It includes the level of finish product which is available to supply at all times and availability of safety stock of raw material [1] 
It is capacity of the machine and capacity of shipment and delivery truck [1] 
G3
Competitive advantages (CA) It comprises capabilities that allow an organization to differentiate itself from its competitors and is an outcome of critical management decisions [27] Time to market (TM) It is the extent to which an organization is capable of introducing new products faster than major competitors [ 
10] Lead time (LT)
It is the end to end delay in a business process [29] Attitude (AT) It is the favor or disfavor toward a person, place, thing, or event [57] Buy back contract (BB) The organization buys back any unsold item from the retailer or used items from customer with a price lower than the wholesale price [1] Sales growth (SG) How much an organization is capable of increasing the sale and exploring new markets [38] Journal of Industrial Engineering (d) Convert all the factors into crisp score of fuzzy logic by using Table 2 . For getting fuzzy score, find the pairwise difference of mean of two factors for all the groups as shown in Table 8 . As for group 1 first row, the mean value of traceability is 3.325 and all the values are subtracted individually from the value of traceability and similar method was adopted for all other values.
Compute the mean range on 5-point scale modification for pairwise difference as shown in Table 9 . The reason for computing the mean range on 5-point scale is getting the responses of questionnaire on 5-point scale.
Then prepare Table 10 with the help of Tables 8 and 9 . As for group 1, the crisp score for the value of −0.375 of Table 8 will be 0.115 from Table 9 and similar method was adopted to convert the values of groups 1, 2, 3, and 4 factors into crisp score.
Step 6 (develop the digraph for different individual groups and find permanent function). (a) Logically develop the digraphs between the factors of different groups depending on their interdependencies. The relations between various factors depend on the responses of industries expert. The nodes in the digraph represent factors while edges represent interaction among factors. Figures 3(a), 3(b), 3(c), and 3(d) showing the digraph for factors of groups 1, 2, 3, and 4, respectively, and the values of Table 7 can be used for inheritance value and the values of Table 10 can be used for interactions value of factors.
In Figure 3 (a), all four factors of G1 and their interrelations are shown. These interrelations are based on the discussions with industry experts. Traceability and delivery have direct relation with all the factors while strategy and logistics have no dependence on traceability.
In Figure 3 (b), all five factors of G2 and their interrelations are shown. Again these interrelations are based on the discussions with industry experts. The price and financial performances of any product depend on all the factors. Profit sharing depends on price and financial performances. Inventory level depends on the price of the product and the financial performances and capacity depend on the price, profit sharing, and financial performances.
In Figure 3 Table 10 : Conversion of Table 8 in relative importance with crisp score using Table 9 . attitude. Lead time depends on attitude, sales growth, and competitive advantages. Buy back contract depends on sales growth and competitive advantages and sales growth depends on attitude and buy back contract. In Figure 3 (d), all four factors of G4 and their interrelations are shown. These interrelations are based on the discussions with industry experts. Quality data reporting depends on the other three factors, safety depends on efficiency and welfare activities, and welfare activities depend on safety.
(b) Prepare the permanent matrix with the help of digraph. (M2), (M3), (M4), and (M5) are the permanent matrix for G-1, G-2, G-3, and G-4 factors. The inheritance values in the matrices ((M2), (M3), (M4), and (M5)) can be put from Table 7 , while the interaction value can be put from Table 10 .
(c) Find the value of permanent function for each group factor. The inheritance, that is, diagonal values, can be taken from Table 7 and interaction, that is, off diagonal values, can be taken from Table 10 
VPM for Group 1 Factors

VPM-G1
The inheritance, that is, diagonal values, can be taken from Table 7 and interaction, that is, off diagonal values, can be taken from Table 10 
, VPF-G2 = 1.84.
VPM for Group 3 Factors 
.
(M4)
The inheritance, that is, diagonal values, can be taken from Table 7 and interaction, that is, off diagonal values, can be taken from Table 10 , so VPM for group 3 factors is The inheritance, that is, diagonal values, can be taken from Table 7 and interaction, that is, off diagonal values, can be taken from Table 10 
Step 7 (develop the digraph for distributor and find permanent function). (a) Develop the digraph and performance matrix between various groups by the same method as explained in
Step 6. Figure 4 shows the digraph between various groups. (b) At group level, the permanent value of each group factor (obtained in Step 6) provides inheritance values of DSQ index. The quantitative value of interactions among factors is obtained from Table 5 through proper interpretation by experts. This will form variable permanent matrix (M6) at group level.
(c) Find the value of permanent function for the system. This is the value of the distributor service quality index. The performance of any distributor can thus be evaluated based on the above-discussed methodology. The result shows that the actual value of index of distributor service quality (DSQ) is 9.34. This result is for a leading two-wheeler manufacturing supply chain of North India. However, with the help of the above-discussed procedure, the service quality for any organization can be calculated.
Conclusion
The proposed methodology used a fuzzy graph theoretic approach, which is a powerful tool for finding a conclusion when there is a chance of uncertainty, vague data, or noisy data as no other techniques can be used under these conditions. This approach integrates all possible structural, functional, and performance parameters in a mathematical model for analysis and optimization. Services are ideas and concepts; products are things. Therefore, it follows that service innovations are not patentable. To secure the benefits of a novel service concept, the firm must expand extremely rapidly and preempt any competitors. The hybrid technique presented in this paper can be used to convert intangible into tangible and as an aid to understand and develop a method to calculate the distributor service quality index. This would help the supply chain managers to compare the service quality of various distributors and suggest improvements needed, if they want to migrate from one model to another model of managing their supply chains in view of changing market requirements. This method can also be used as benchmark to take the decision for changing the distributor if he fails to provide good service quality.
